Laser-chemical synthesis of (Li)-transition metal complex hydroxides
All chemicals including lithium nitrate (98%), nickel nitrate (99.99%), manganese nitrate (98%), cobalt nitrate (98%), iron nitrate (98%), ethylene glycol (EG), and triethylene glycol (TEG) were purchased from Sigma Aldrich and used as received. The deionized water was produced by Mili-Q integral water purification system. A Continuum SureliteIII nanosecond pulsed laser was used as a power source, and the typical parameters of operation are 1064 nm wavelength, 10 Hz frequency, 7~8 ns pulse width, 0.9 cm beam diameter and 750 mJ energy per pulse. Aqueous solutions and glycol solutions of 1M lithium nitrate, 1M nickel nitrate, 1M iron nitrate, 1M manganese nitrate and 1M cobalt nitrate were prepared as precursors. For synthesis in water, 3 hours laser irradiation was applied for a 4 mL mixed precursor solution. For the synthesis in glycol, 1-hour laser irradiation was required for a 4 mL mixed precursor solution to complete the reaction. Precipitates produced after laser irradiations were rinsed by ethanol and centrifuged at 9000 r/min for three times, and then dried in air at 60 C to obtain powders.
Materials characterizations
Transmission Electron Microscopy (TEM) was used for structural and morphology characterization. High resolution TEM was conducted using a double-aberration-corrected (scanning) transmission electron microscope (STEM, TEAM 1.0) operating at 80 kV. Electron energy loss spectroscopy (EELS) was acquired using a Gatan Tridiem spectrometer equipped on 200kV FEI monochromated F20 UT Tecnai TEM. Energy dispersive x-ray spectroscopy (EDS) spectrum was obtained using 200 kV TitanX TEM equipped with the windowless SDD Bruker EDS detector with fast processor and FEI Double tilt Ultra-twin Low background sample holder. Scanning electron microscopy (SEM) was performed on a JEOL JSM-7000F with a Thermo Scientific EDS detector.
TA Instruments Q5000IR TGA-MS was used for the thermalgravimetric analysis (TGA), argon gas was used with a flow rate of 25 mL/min and the temperature was ramped to 600 °C at a rate of 5 °C/min for testing. Perkin Elmer Spectrum One FT-IR with HATR assembly was used for measurements of Fourier transform infrared spectroscopy (FT-IR). X-ray diffraction (XRD) on powder samples was performed on a Bruker D2 Phaser diffractometer using Cu-Kα radiation. UV-vis. absorption spectra were obtained from Varian Cary 5G UV-Vis-NIR spectrophotometer. Nitrogen physisorption measurements were carried out on a Tristar 3000 surface area & porosity analyzer (Micromeritics Instrument Corp), and the surface area was calculated using Brunauer-Emmett-Teller (BET) method.
High-throughput soft X-ray absorption spectroscopy (XAS) measurements were performed on the 31-pole wiggler beamline 10-1 at Stanford Synchrotron Radiation Lightsource (SSRL) using a ring current of 350 mA and a 1000 l·mm -1 spherical grating monochromator with 20 μm entrance and exit slits, which can provide 10 11 ph · s −1 at 0.2 eV resolution in a 1 mm 2 beam spot. During the measurements, all samples were attached to an aluminum sample holder, and the surface was connected to the isolated holder using conductive carbon. Data were acquired in a single load at room temperature and under ultrahigh vacuum (10 −9 Torr). Detection was performed in total electron yield (TEY) mode (with probing depth of ~5 nm), where the sample drain current was normalized by the current form of a reference sample in a form of freshly evaporated gold on a thin grid positioned upstream of the sample chamber. X-ray photoelectron spectroscopy (XPS) was used to confirm the existence of Li in the material, where the 1100 l·mm-1 grating of the spherical grating monochromator was used to reach energy of 650 eV. The end station is equipped with a double-pass cylindrical mirror analyzer used for the photoelectron spectroscopy measurements.
Electrocatalysis measurement of OER in alkaline solutions
1. Materials: 5 wt% Nafion-117 resin solution in lower aliphatic alcohols and water was purchased, and sodium hydroxide (BioUltra grade) were purchased from Sigma Aldrich and used as received. 2-propanol (BDH) was used as a dispersing agent. All water used was purified by a Barnstead NanoPure water filtration system (Thermo Scientific) and measured at > 18 MΩ cm resistivity. Oxygen (O 2 , Alphagaz-1 grade 99.999%) was purchased from Air-Liquide and was water-saturated by bubbling through a gas-washing bottle filled with water prior to use.
Electrodes preparation:
The electrode support was a 5 mm diameter and 4 mm thick Sigradur-G glassy carbon (GC) disk (HTW Hochtemperatur-Werkstoffe GmbH). Before modification, the electrode surface was ground with 600 grit Carbimet SiC grinding paper (Buehler) on a Struers LaboPol-5 polishing wheel at 150 rpm for 1 min, and then sequentially polished with 9, 6, 3, 1, and 0.1 μm MetaDi Supreme diamond suspension (Buehler) on a MD-Floc synthetic nap polishing pad (Struers) on a Struers LaboPol-5 polishing wheel at 150 rpm for 30 s each. The polished disks were then sonicated in pure water, acetone, isopropanol, and again in pure water for 5 min in each media. The catalyst particles were immobilized onto the electrodes as the following: a deposition suspension of 80 mg of the catalyst nanoparticles along with 80 μL of 5 wt% Nafion-117 resin solution and 1 mL of 2-propanol in 4 mL ultra-pure water was sonicated for 10 min. 10 μL of the suspension was then cast onto a GC disk electrode and allowed to dry (10 mins) in a gravity convection oven at 60 °C.
Based on the density of water-immersed recast Nafion (1.77 g cm -3 ), the thickness of the Nafion layer was estimated to be 0.2 μm. The total particle loading on the electrode was 0.82 mg cm -2 .
3. Electrochemistry: All electrochemical measurements were conducted in a 2-chamber electrochemical U-cell with the auxiliary electrode separated from the working and reference electrodes by a fine-porosity glass frit. The reference electrode was a commercial SCE electrode (CH Instruments), and the auxiliary electrode was a carbon rod (Strem, 99.999%).
The reference was calibrated externally against ferrocenemonocarboxylic acid (Sigma Aldrich) in a pH 7 buffered solution of 0.092 M NaH 2 PO 4 and 0.108 M Na 2 HPO 4 (E 0 = 0.284 V vs SCE 1 ).
All electrochemical measurements were recorded with a Bio-Logic VMP3 multi-channel potentiostat/galvanostat with a built-in EIS analyzer using the EC-Lab software package. Working electrodes were mounted into a Pine Instrument Company E6-series ChangeDisk rotating disk electrode (RDE) assembly and used with a Pine Instrument Company MSR rotator. The electrocatalytic OER activity was evaluated by the rotating disk electrode voltammetry (RDEV) at 0.01 Vs -1 scan rate and 1600 rpm rotation rate in 1.0 M NaOH aqueous solution. The short-term stability of each material under catalytic conditions was determined using controlled-current electrolysis, where catalyst was held at a constant current density of 10 mAcm -2 per geometric area for 2 h at a constant 1600 rpm rotation rate, while the corresponding potential was measured as a function of time.
Prior to each set of experiments, a single-point 100 kHz AC-impedance measurement with 20 mV amplitude about the open-circuit potential was taken to establish the uncompensated cell resistance. Each voltammetry measurement was corrected for 85% of the calculated IR-drop using the EC-Lab software. Chronopotentiometry experiments (current steps) were manually corrected for IR drop. A typical uncompensated resistance for our electrochemical cells is 10 ~ 20 Ω. All solutions were purged with O 2 gas for at least 20 min prior to electrochemical analysis, and the solution was blanketed with O 2 during experiments.
The thermodynamic potential of the oxygen evolution reaction, E O2 , was estimated to be E O2 = 0.163 V vs SCE (0.404 V vs NHE) in 1 M NaOH.
Proposed reaction mechanisms for the growth of complex hydroxides by laser irradiation in solutions
Based on the experimental results as shown in the main text, we propose a possible mechanism for the growth of complex hydroxide nanostructures via laser-mediated chemical 
For the laser irradiation in glycols (HO − R ′ − OH), we propose that due to the promoted stretching of the O-H groups by laser excitation, the glycol ligands can be deprotonated (Fig. 4) . The reactions based on Mn ions are proposed as: 
Metal valency determination by XAS and EELS
Transition metal L-edge X-ray Absorption Spectroscopy (XAS) probes the unoccupied 3d orbitals directly (2p3d), and display a strong sensitivity to the local electronic structure of the metal center, including valency and symmetry 6 . The large sensitivity of the spectroscopy produces spectral fingerprints that can be associated with different formal oxidation states and symmetries, and the dominant valence state can thus be assigned based on comparison with XAS of well-studied oxides and minerals (see Fig. S4 ). It is outside the scope of this investigation to provide a detailed analytical treatment of all the spectra obtained. For the O K-edge, we note that the low-energy (below ~532eV) transitions in metal-hydroxide containing structures has the same nature as the established transition metal oxide trend outlined by de Groot et al 7 , namely O1sO2p transitions into states of mainly metal d-character, that has gained p character through covalent mixing with the ligands. As such, the pre-edge fine-structure and intensity can be understood by the ground state energetics and occupancy of the 3d orbitals using ligand field arguments and, in addition, display sensitivity to the degree of covalency 7 . Table S2 . Electrochemical parameters for the 12 catalysts tested in 1M NaOH. Overpotentials required to achieve j = 10 mA cm -2 for different catalysts at initial (η t=0 ) and after 2h operation (η t=2h ) are listed. valence states of the metals are denoted along with small variations ( x , 0<<1), ascribed to the spectra based on XAS of well-studied oxides and minerals [13] [14] [15] . Note that the total electron yield (TEY) mode of soft XAS is surface sensitive (with probing depth of ~ 5 nm), and the fluorescence yield (FY) mode (with probing depth of ~ 50 nm) was also performed, where the valence states probed by the two modes showed subtle differences. We use XAS/TEY for the demonstration. Since testing methodology of the electrocatalysts could affect the evaluation of the catalysts, we could compare the activity and stability of the laser-chemical-synthesized complex hydroxides with other benchmarking OER catalysts that were tested using the same evaluation methodology. It can be seen that, the as-prepared catalysts, i.e., NiCo-OH (a) (blue dash bar) and Li-Ni-Co-OH (a) (pink dash bar), have 2-hour overpotential of 0.337 ±0.007 V and 0.345 ±0.005 V to achieve a current density of 10 mA·cm -2 , respectively, which are much active than most of the benchmarking complex metal oxide catalysts for alkaline OER. Moreover, although the state-of-the-art IrO x catalyst show better activity, but the stability of IrO x catalyst was found not quite superior, as shown in Figure 4B in the main text and the related reference 11 . More comparisons of the electrocatalytic activity of different OER catalysts are shown in Table S3 .
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